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Red cell traverse through thin glomerular basement membranes
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Red cell traverse through thin glomerular basement membranes. to less than one third of normal. Typically, reduction is
Background. How red cells enter the urinary filtrate in most extensive, but in some cases, it is more focal. In contrast
cases of hematuria of glomerular origin has remained a mystery to Alport syndrome, the structural appearance of the base-despite the frequent ultrastructural examination of renal biopsy
ment membrane is normal. Although the diagnosis canmaterial.
only be confirmed through electron microscopy, thereMethods. Serial sections of glutaraldehyde-fixed, resin-embed-
ded material from a case of sporadic microhematuria were are rare published reports with illustrations suggesting
examined by transmission electron microscopy when the site the mechanism of red cell egress in this condition [2, 3].
of a red cell traversing the glomerular capillary wall was for-
We routinely perform electron microscopy on the ma-tuitously discovered on routine examination.
jority of our native renal biopsies and measure basementResults. The red cell assumed a dumbbell shape and tra-
versed a localized gap 2.25 mm in diameter in the glomerular membrane widths on all cases of isolated hematuria that
endothelium and basement membrane. Serial sections sug- cannot be explained by other morphological abnormali-
gested a transcellular route. Apart from the thinning of the ties, for example IgA nephropathy. In 20 years of experi-basement membrane (167 nm), there were no other generalized
ence, we have looked for structural changes that couldabnormalities.
account for hematuria in TMN, including several serialConclusion. Red cells can traverse through gaps in the glo-
merular capillary walls to gain access to Bowman’s space. This section studies on biopsies with possible lesions; how-
may be the origin of glomerular hematuria in common nonin- ever, although red cells in Bowman’s space and proximal
flammatory forms of glomerular disease, including thin base-
tubules have been found, until now we have failed toment membrane nephropathy.
find a site of red cell egress.
This report illustrates red cell transit through glomeru-
lar endothelium in a case with thin glomerular basementIn many nephropathies, how and where red cells enter
membranes. We suggest that this may be a mechanismthe urinary infiltrate have remained a mystery. This is
of hematuria in TMN and possibly some other nephropa-particularly true for the majority of cases of hematuria
thies, including the early phase of Alport syndrome, inof glomerular origin. Breaks or, rather, holes in the glo-
which the only sign of disease may be segmental base-merular capillary walls through which red cells could
ment membrane thinning.escape into Bowman’s space have rarely been observed,
except in necrotizing or crescentic forms of inflammatory
glomerulonephritis. METHODS
Thin basement membrane nephropathy (TMN) is a
A renal biopsy from a 22-year-old female was sentcommon cause of either sporadic or hereditary hematu-
for histopathological examination. One year previously,ria detected by routine urinalysis [1]. By light microscopy,
there had been an episode of pre-eclampsia, with pro-in this condition the glomeruli appear normal, and there
teinuria and hypertension. This had resolved completelymay be red cells in tubular lumens. Immunostaining is
by the time the biopsy was taken, but there was persistentnegative. With electron microscopy, the mean basement
microscopic hematuria. This was the principal reason formembrane width can be shown to be reduced, sometimes
further investigation. The plasma creatinine had re-
mained in the normal range during this period. There
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was no macroscopic hematuria. There was no familyendothelium, segmental basement membrane, microhematuria, capil-
lary wall gap. history of renal disease and no hearing loss. Light micros-
copy on the formalin-fixed portion of the biopsy did not
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2A and at higher magnification in Fig. 2F). The basement
membrane had been breached, and loose pale material,
similar in density to plasma, was also present on the
epithelial side of the membrane (Fig. 2 B, C, and at
higher magnification in Fig. 2G). The visceral epithelial
cell foot processes lost contact with the basement mem-
brane at this point, and the secondary epithelial pro-
cesses appeared to be displaced by the red cell. The
capillary wall defect was 2.25 mm measured as the maxi-
mum diameter in the plane of the section between endo-
thelial cell edges. In Figure 2E, where the plane of section
no longer passes through the gap, the endothelium is
intact.
Fig. 1. Original low-power electron micrograph of part of a glomerulus
DISCUSSIONin thin membrane nephropathy (TMN). Two separated profiles of a
red cell are seen in the loop toward the bottom left of the picture This is the first example we have seen of red cell
(32600).
escape from glomerular capillaries in a case of sporadic
microhematuria with thin glomerular basement mem-
branes. The opportunity of serial sectioning and the lack
of technical defect in the material exclude this as arti-Electron microscopy was performed on the glutaralde-
factual.hyde-fixed portion of the material as previously de-
The red cell transit was associated with a gap in thescribed [4]. Briefly, tissue was postfixed in osmium tetrox-
endothelium and underlying basement membrane. Thereide and stained en bloc in 2% aqueous uranyl acetate,
are other rare reports of holes or focal ruptures of base-dehydrated, and then embedded in TAAB 815 epoxy
ment membrane in TMN [2, 3], and focal ruptures ofresin (TAAB Labs., Aldermaston, UK) and polymerized
the basement membrane with repair have been notedat 708C. Three glomeruli, as routinely done, were se-
in Alport syndrome [6]; however, they do not includelected for ultrastructural examination from Azure II-
photographs showing red cell traverse through thesestained semithin (0.5 mm) sections. Ultrathin sections
holes. An image similar to ours is illustrated from a case(80 nm thickness) were stained in Reynold’s lead citrate
of glomerulonephritis with subepithelial and intramem-and viewed using a Philips 400 transmission electron
branous capillary wall immune deposits [7], but this ismicroscope. Basement membrane measurements were
not such a rare finding in biopsies from inflammatoryperformed as previously described [5].
forms of glomerulonephritis.Following low-magnification identification of a red
Our finding raises fascinating questions: What is thecell, apparently traversing the glomerular capillary wall
nature of the capillary wall gap, and how does it arise?in one glomerulus (Fig. 1), serial sections of this block
Is this type of lesion the origin of hematuria in TMN,and further higher-power electron microscopy were per-
Alport, and possibly other noninflammatory glomerularformed.
diseases?
The capillary wall gap appeared as a localized defect
RESULTS in the endothelium and basement membrane with reflec-
Figure 1 shows the lesion in the original low-magnifi- tion of the visceral epithelial cell. There were no other
cation photomicrograph. A red cell appears to be almost visible abnormalities apart from the generalized thinning
bisected by the glomerular capillary basement membrane. of the basement membranes. Adjacent to the gap, an
The capillary walls are fairly uniformly thinner than nor- intact endothelial junction was present, suggesting that
mal (mean basement membrane width 167 6 3.6 nm), but the endothelial defect was transendothelial rather than
there are no basement membrane changes, suggesting an widening of an intercellular junction. However, the lim-
Alport-type nephropathy. There is a slight segmental ited number of serial sections that could be performed
loss of foot processes. No other abnormalities are seen. on this biopsy material made it impossible to exclude
Serial sections at higher magnifications (Fig. 2 A–E) the presence of a junction at deeper levels or to confirm
more clearly showed the dumbbell shape assumed by that the junction was endothelial. In the field of microvas-
the red cell during its transit across the capillary wall. cular physiology, there is current controversy concerning
The cell passed through a gap in the endothelium. This transcellular versus intercellular endothelial gaps [re-
gap appeared to be through the cytoplasm because it viewed in 8]. Recent studies on microvascular permeabil-
ity to macromolecules in response to inflammatory stim-was adjacent to an intercellular junction (seen in Fig.
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Fig. 2. Serial sections of the above showing the traversing red cell
(A–E, 38000). (F ) A higher magnification of A, demonstrating a cell
junction (arrow, 320,800). (G ) A higher magnification of C showing
the flocculent material, with the same density as plasma, in the Bow-
man’s space adjacent to the traversing red cell (320,800).
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uli or raised intravascular pressures have caused revision This confirmation, in biopsy material, of red cell tra-
verse through the glomerular capillary wall in a caseof earlier concepts of solely intercellular routes due to
with thin glomerular basement membranes suggests theendothelial contraction. In some relevant studies on frog
source of hematuria in this condition and should stimu-mesenteric capillaries [8] and mammalian skin and cre-
late further investigation on the exact mechanisms in-master venules [9, 10], red cells have been shown to be
volved in such phenomena in the highly specialized mi-traversing transcellular gaps. Interestingly, the size and
crovasculature of the glomerulus.site of these gaps adjacent to intercellular junctions are
similar to our findings. They are thought to arise from
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wall is partly dependent on the basement membrane, a
REFERENCESsignificant reduction in its width could lead to such le-
sions. In the experimental studies, although the vessels 1. Heptinstall R: Heptinstall’s Pathology of the Kidney (5th ed).
Edited by Jeanette JC, Schwartz MM, Silva FG, Philadelphia,studied did not have basement membranes of compara-
Lippincott-Raven, 1998ble thickness to the glomerulus, the fact that red cell
2. Rogers PW, Kurtzman NA, Bunn SM Jr, White MG: Familial
traverse was seen must indicate that the basement mem- benign essential hematuria. Arch Intern Med 131:257–262, 1973
3. Perry GJ, George CR, Field MJ, et al: Thin-membrane nephropa-brane was not intact [9]. It is of some interest that re-
thy: A common cause of glomerular haematuria. Med J Austcently a biochemical abnormality of type IV collagen 151:638–642, 1989
has been described in TMN [12]. It is also possible, al- 4. Collar J, Cattell V: Paraffin-processed material is unsuitable for
diagnosis of thin- membrane disease. (letter) Nephron 69:187–188,though this has not been investigated, that the basement
1995
membrane abnormality in TMN could be associated with 5. McLay AL, Jackson R, Meyboom F, Jones JM: Glomerular base-
ment membrane thinning in adults: Clinicopathological correla-some subtle alteration in endothelial phenotype, perhaps
tions of a new diagnostic approach. Nephrol Dial Transplant 7:191–through changes in integrin attachments.
199, 1992
Red cells can clearly egress through these gaps, but 6. Gubler M, Levy M, Broyer M, et al: Alport’s syndrome: A report
of 58 cases and a review of the literature. Am J Med 70:493–505,are they the sites of hematuria in TMN because they
1981have been so rarely observed? We believe they could 7. Makino H, Kumagai I, Hironaka K, et al: Escape of red blood
be, as their apparent rarity may be accounted for by cells through gaps in glomerular basement membrane in a patient
with mixed connective tissue disease. Am J Nephrol 15:168–171,several factors such as the limited sampling done on
1995
biopsy material, the small size of the defects, and further- 8. Michel CC, Neal CR: Openings through endothelial cells associ-
ated with increased microvascular permeability. Microcirculationmore, as demonstrated by Neal and Michel [9], the fact
6:45–54, 1999that these gaps close very quickly (within 10 min from 9. Neal CR, Michel CC: Openings in frog microvascular endothe-
forming). lium induced by high intravascular pressures. J Physiol (Lond)
492:39–52, 1996We cannot be certain that this case is TMN because
10. Feng D, Nagy JA, Hipp J, et al: Reinterpretation of endothelialof the previous history of pre-eclampsia. We believe the cell gaps induced by vasoactive mediators in guinea-pig, mouse
and rat: Many are transcellular pores. J Physiol (Lond) 504:747–morphological changes are consistent with a diagnosis
761, 1997of TMN, as no other abnormalities associated with hema-
11. Feng D, Nagy JA, Dvorak AM, Dvorak HF: Different pathways
turia were found. However, early Alport’s syndrome can- of macromolecule extravasation from hyperpermeable tumor ves-
sels. Microvasc Res 59:24–37, 2000not be excluded by the biopsy, and indeed, recent evi-
12. Lemmink HH, Nillesen WN, Mochizuki T, et al: Benign familialdence suggests the TMN and some cases of Alport’s may hematuria due to mutation of the type IV collagen alpha4 gene.
have common defects in type IV collagen [12]. J Clin Invest 98:1114–1118, 1996
